We present Swift UVOT ultraviolet (UV, 1600 − 3000Å) data with complete 3-band UV photometry for a sample of 41 galaxies in 11 nearby (< 4500 km s −1 ) Hickson Compact Groups (HCGs) of galaxies. We use UVOT uvw2-band (2000Å) photometry to estimate the dust-unobscured component, SFR UV , of the total star-formation rate, SFR TOTAL . We use Spitzer MIPS 24µm photometry to estimate SFR IR , the component of SFR TOTAL which suffers dust-extinction in the UV and is re-emitted in the IR. By combining the two components, we obtain SFR TOTAL estimates for all HCG galaxies. We obtain total stellar mass, M * , estimates by means of 2MASS K s band luminosities, and use them to calculate specific star-formation rates, SSFR ≡ SFR TOTAL /M * . SSFR values show a clear and significant bimodality, with a gap between low ( 3.2 × 10 −11 yr −1 ) and high SSFR ( 1.2 × 10 −10 yr −1 ) systems. We compare this bimodality to the previously discovered bimodality in α IRAC , the MIR activity index from a power-law fit to the Spitzer IRAC 4.5 − 8µm data for these galaxies. We find that all galaxies with α IRAC ≤ 0 (> 0) are in the high-(low-) SSFR locus, as expected if high levels of star-forming activity power MIR emission from polycyclic aromatic hydrocarbon molecules and a hot dust continuum. Consistent with this finding, all elliptical/S0 galaxies are in the low-SSFR locus, while 22 out of 24 spirals/irregulars are in the high-SSFR locus, with two borderline cases. We further divide our sample into three subsamples (I, II and III) according to decreasing H i-richness of the parent galaxy group to which a galaxy belongs. Consistent with the SSFR and α IRAC bimodality, 12 out of 15 type-I (11 out of 12 type-III) galaxies are in the high-(low-) SSFR locus, while type II galaxies span almost the full range of SSFR values. We use the Spitzer Infrared Nearby Galaxy Survey (SINGS) to construct a comparison sub-sample of galaxies that (1) match HCG galaxies in Jband total galaxy luminosity, and (2) are not strongly interacting and largely isolated. This selection eliminates mostly low-luminosity dwarfs and galaxies with some degree of peculiarity, providing a substantially improved, quiescent control sample. Unlike HCG galaxies, galaxies in the comparison SINGS sub-sample are continuously distributed both in SSFR and α IRAC , although they show ranges in SFR TOTAL values, morphologies and stellar masses similar to those for HCG systems. We test the SSFR bimodality against a number of uncertainties, and find that these can only lead to its further enhancement. Excluding galaxies belonging to HCGs with three giant galaxies (triplets) leaves both the SSFR and the α IRAC bimodality completely unaffected. We interpret these results as further evidence that an environment characterized by high galaxy number-densities and low galaxy velocitydispersions, such as the one found in compact groups, plays a key role in accelerating galaxy evolution by enhancing star-formation processes in galaxies and favoring a fast transition to quiescence.
1. INTRODUCTION One of the main successes of the Cold Dark Matter (CDM) paradigm is its prediction of hierarchical structure formation, a direct consequence of which is that galaxies are more likely to be clustered than isolated (Press & Schechter 1974; Geller & Huchra 1983) . Galaxy clustering spans scales from small groups to clus-ters to super-clusters. Galaxy groups, including the sub-class of Compact Groups (CGs) (Rood & Struble 1994; Kelm & Focardi 2004) , make up an important part of this hierarchy (Geller & Huchra 1983; Nolthenius & White 1987) . Poor groups are of particular interest, as it has been established that in the nearby Universe they host the majority of galaxies (see Mulchaey 2000 , and references therein).
CGs are concentrations of small numbers of galaxies, which appear to occupy a compact angular area in the sky. By imposing limiting magnitude and density contrast requirements, Rose (1977) constructed the first sample of objectively selected CGs. Hickson (1982) used a different set of criteria, which included a maximum magnitude difference between four or more galaxies, limiting surface brightness, as well as an encircling ring devoid of galaxies. His catalog of 100 HCGs has been the most widely studied nearby CG sample. Sulentic (1997) re-analyzed this catalog, obtaining a revised HCG sample. In particular, this author excludes groups which contain only three spectroscopically confirmed members (triplets), as it is unclear whether such systems share the properties of groups with larger numbers of members. HCGs harbor diverse populations of galaxies, characterized by extreme morphological variety (Mendes de Oliveira & Hickson 1994) , unusual rotation curves (Rubin et al. 1991) , and a high fraction of (mostly faint) AGN (Coziol et al. 1998; Gallagher et al. 2008) . CG studies have recently been extended to higher redshift (e.g. de Carvalho et al. 2005) .
Thanks to the spectroscopic survey of Hickson et al. (1992) , a number of key results have been established for HCGs. These authors obtained galaxy radial velocities, showing that the great majority of HCGs are not chance projections but real concentrations of galaxies: Out of the full sample, 92 groups have three or more accordant members (median redshift z med = 0.03). As expected for compact groups, HCG member galaxies are a few galaxy radii from each other, with median projected separations of ∼ 40h −1 kpc. HCGs are also characterized by low velocity dispersions (radial median ∼ 200 km s −1 ), high number-densities (as much as 10 8 h 2 Mpc −2 ) and short crossing times (median 0.016H −1 0 ). These conditions favor galaxy interactions and mergers, e.g. as observed in HCG 16 (Mendes de Oliveira et al. 1998) . Further evidence for such processes is provided by an observed correlation between crossing times and the fraction of gas-rich galaxies (Hickson et al. 1992; Da Rocha et al. 2008) , as well as the anti-correlation between crossing times and the fraction of intra-group light (Da Rocha et al. 2008) . HCG environments are thus ideal laboratories for studying processes related to galaxy evolution and morphological transformation. In particular, HCGs, as well as CGs in general, are the only nearby environments that are closely similar to interaction environments in the earlier universe (z ∼ 4) when galaxies were assembling hierarchically (e.g. Baron & White 1987) .
The link between this highly interaction-prone environment and individual member galaxy properties remains controversial. In particular, it is unclear whether, and to what extent, star formation and/or AGN activity is either enhanced or impeded. Coziol et al. (1998) find that AGN are mostly associated with the most luminous, early-type galaxies, as is the case in the field. However, they find that in HCGs these galaxies are preferentially located in the denser cores. They suggest an evolutionary scenario starting with merger-induced starbursts which in the case of the more massive systems evolve to become central AGN. Shimada et al. (2000) correct for the higher fraction of early-type galaxies in HCGs with respect to the field, finding no significant differences in the number of emission-line galaxies. Verdes-Montenegro et al. (1998) compare FIR and CO emission in spiral galaxies from their IRAS HCG sample to isolated, Virgo cluster and weakly interacting systems. They find that most HCG spirals show no enhanced FIR and CO emission, with 20% showing reduced CO emission. On the other hand, some early-type galaxies in HCGs are detected in CO and FIR. Verdes-Montenegro et al. (2001) calculate the deficiency in H i in 72 HCGs. They find that HCGs with higher numbers of early-type galaxies are more deficient in H i and have a higher detection rate in the X-ray band. Using a 109-member group sample not restricted to compact groups, Mulchaey et al. (2003) find evidence for diffuse X-ray emission and an intra-group medium (IGM) in half of their sample, in particular for groups containing at least one elliptical. Ponman et al. (1996) find evidence for diffuse X-ray emission in more than 75% of a sample comprising 85 HCGs. Verdes-Montenegro et al. (2001) interpret their findings as evidence for an evolutionary sequence proceeding from H i-rich groups, (mainly containing spiral and irregular, S/I, galaxies) to H i-poor groups (mainly hosting ellipticals). An expanded, more speculative, version of this scenario, taking into account the X-ray evidence might be as follows: Initially, loose groups contract to a more compact configuration (Barton et al. 1998) . At this stage, most of the H i is found in galaxy disks, which constitute the prevailing morphological type. As the effects of tidal interactions gain in importance with time, an increasing fraction of the group H i mass is stripped from the interstellar medium of member galaxies and forms tidal tails, bridges and intergalactic structures. The atomic gas is heated and ionized at an increasing rate, filling the space between member galaxies, eventually giving rise to a hot X-ray-bright IGM that may characterize a group's final state. At this stage groups are made up mostly of gas-poor ellipticals. As this sequence is characterized by removal of gas from individual galaxies, where it can fuel star-formation, it is natural to expect a correlation between a group's H i-richness and star-forming activity. Note though that this picture may still be too simplistic: In their investigation of the X-ray properties in a sample of eight highly H i-deficient HCGs Rasmussen et al. (2008) find that only four groups have an IGM detectable in the X-rays.
Recent results in the IR provide further support to this scenario. Until recently results in this wavelength regime relied on low-sensitivity and/or angular resolution data (e.g. Allam et al. 1995; Verdes-Montenegro et al. 1998 ). However, Johnson et al. (2007, hereafter J07) were the first to present results on a set of 45 galaxies belonging to a sample of 12 nearby HCGs observed with Spitzer (IRAC and MIPS) and 2MASS. They establish trends connecting group H i gas deficiency and the level of active star formation, implied by IR colors of individual member galaxies. They detect a "gap" in IR color-color space between gas-rich and gas-poor groups, suggestive of rapid evolution in galaxy properties. Using the same HCG sample (hereafter JG sample), Gallagher et al. (2008, hereafter G08) find further evidence for this gap in the distribution of α IRAC , the mid-IR (MIR) activity index (see Sec. 3.1) for the nuclei of galaxies in the same HCG sample. Their findings strongly suggest a connection between α IRAC , 24µm activity, and H i content.
In this paper we further explore the connection between group gas-content, galaxy morphology and starformation by obtaining star-formation rate (SFR) and specific SFR (SSFR) estimates for 41 galaxies in the JG sample. Although it is common to use single-band data, such as UV, Hα or 24µm to obtain such estimates (but see Kennicutt et al. 2009 ), these usually require corrections due to the effects of dust, which, in general, are difficult to quantify. In this respect, the UV and IR wavelength regions are complementary, and we combine Notes. a Mean recession velocity for all known group member galaxies calculated from Hickson et al. (1992) . b Taken from Hickson et al. (1989 Verdes-Montenegro et al. (2001) and takes into account member galaxy morphology, H i deficiency and the presence of an X-ray intragroup medium. e H i type as measured and defined by J07.
f Y if group is a triplet, N otherwise. g Galaxies 48b and c have somewhat discordant velocities.
information from both to obtain total SFRs consisting of a UV and an IR component.
This paper makes part of a collaborative, multiwavelength campaign to observe and characterize the JG sample in several wavelength bands, from the X-rays to the far-IR and radio. Our main goal is to investigate whether, and to what extent, the UV regime provides support to the evolutionary scenario suggested by the IR work.
The structure of the paper is as follows. In Sec. 2 we give details on sample selection, UV and IR data analysis, as well as issues related to flux calculations in the UV. UV and IR results, including SFRs and SSFRs, are presented in Sec. 3. Sec. 4 discusses results and relevant uncertainties. We summarize and conclude in Sec. 5. We use Ω M = 0.3, Ω Λ = 0.7, H 0 = 70 km s
2. OBSERVATIONS AND DATA ANALYSIS 2.1. HCG sample selection The JG sample was chosen from the original Hickson Compact Group catalog (Hickson et al. 1992 ) by application of criteria based on membership (a minimum of 3 giant galaxies with accordant redshifts, i.e. within 1000 km s −1 of the group mean), distance ( 4500 km s −1 ) and angular extent ( 8 ′ in diameter). The analysis in the present paper does not include HCG 90, as explained in sections 2.2 and 2.3.
Note that a sample based on these criteria includes triplets, and these are indicated in Table 1 . There is some evidence that triplets may be different as a class compared to groups with four or more members: They do not show significant H i deficiency ) and their galaxies show larger velocity dispersions (Sulentic 2000) , making it more likely that they are unbound systems (Sulentic et al. 2001) . Indeed the original HCG catalog criteria did not include triplets, and the revised catalog of Sulentic (1997) excludes triplets altogether. We chose to keep triplets in our samples for several reasons. We are engaged on a long-term spectroscopic campaign to identify new, fainter members in our HCG galaxies. New members will affect the overall dynamics, which remains an open question. The dark matter mass also plays a role, but it is difficult to measure without more members. Further, there is no consensus that triplets should be excluded. Indeed, Sulentic (2000) argue for HCG 92 that it is possible that three of its bright galaxies make up a stable core, with the fourth causing it to be unstable. Tovmassian et al. (1999) specifically address the issue of reality of compact groups, including triplets which are not considered to be a special case. Barton et al. (1998) include several triplets in their redshift survey of CGs, and Da Rocha & Mendes de Oliveira (2005) include a triple, HCG 95, in their investigation. We similarly prefer to simply consider triplets as one extreme of groups of galaxies. Given that CGs are relatively rare, this keeps restrictions at a minimum. In any case, including triplets does not affect the main results of this paper (see Sec. 4.2) .
In Table 1 we present the group mean recession velocities, the member galaxy morphology, H i mass, qualitative evolutionary stage based on the Verdes- scenario, and H irichness type from J07. H i richness is defined as the ratio log M HI /log M dyn , where M HI is the H i mass and M dyn the dynamical mass, as described in J07. H i type I groups (gas-rich) have log M HI /log M dyn > 0.9; H i type II (intermediate gas-rich) have log M HI /log M dyn = 0.8 − 0.9; H i type III (gas-poor) have log M HI /log M dyn < 0.8. 
UV data
All galaxy groups in our HCG sample have UV data obtained with the Swift UV/Optical telescope (UVOT). UVOT (Roming et al. 2005) , is one of three telescopes on board NASA's international Swift mission (Gehrels et al. 2004 ). The mission's primary goal is detection and characterization of gamma-ray bursts.
UVOT has a 17 ′ × 17 ′ field-of-view and six broadband filters covering the 1600 -8000Å range with a spatial resolution of ∼ 2.5 ′′ (PSF FWHM 7 ). Our data have been taken with the three UV filters and the bluest optical filter, u. The characteristics of these filters are given in Table 2 .
An observation log for our Swift UVOT data is given in Table 3 . Our targets were observed between August 2006 and November 2007 as part of a Swift team fill-in program (P.I. C. Gronwall). The nominal exposure times were 4000 sec in uvw2, 3000 sec in uvm2, 2000 sec in uvw1, and 1000 sec in u. However because of the nature of the fill-in program for Swift observations, sometimes the nominal exposure times were not matched exactly.
The data were reduced using dedicated UVOT pipeline tasks which form part of the HEASOFT package. UVOT sky images were prepared from raw images and event files, (task uvotimage) and aspect corrected (uvotskycorr). Final images and exposure maps were produced by combination of distinct exposures for the same observation (uvotimsum). Three-color composites of HCG UVOT images are shown in Figures 1 to 6. Note that galaxies HCG 90 B, C and D fall on the edges of the UVOT stacked image for this HCG. This causes different parts of the same galaxy to have different exposure times and total counts. In this case calculating total count rates is not straightforward. As HCG 90 is also not detected in the 24µm band (see Sec. 2.3), all of the HCG 90 galaxies are excluded from the analysis in this paper.
For five HCGs in our sample, GALEX guest investigator data (PI: J. Paramo) are also available. GALEX is a small-size NASA mission, with a UV telescope providing images in both a far-UV (1528Å) and near-UV (2271Å) band. Filter characteristics for GALEX are listed in Table 2 . GALEX has a circular field of view of 1.2
• in diameter and a resolution of ∼ 6 ′′ (PSF FWHM, Morrissey et al. 2005) . In comparison, UVOT has better spatial and color resolution, but GALEX can probe deeper in the FUV region both in terms of range and in terms of effective wavelength, and has higher sensitivity. We compare the GALEX and UVOT data in order to perform a "sanity check" for ultraviolet flux estimates (Sec. 2.5).
IR data
We make use of the Spitzer [IRAC (3.6 -8.0µm) and MIPS (24µm)] and 2MASS (J, K s ) data presented in J07. For details on the IR observations and data reduction we refer the reader to that paper and references therein. The data are incomplete for HCG 31 F, which is too faint to be detected in the 2MASS K s band, and HCG 90 A, which is outside the MIPS field of view. We only perform part of the analysis for 31 F. HCG 90 is excluded from our sample.
Source detections
The photometric properties of our HCG galaxies in the near-to-mid IR were explored in detail by J07. For consistency with that work, we obtained count rates in the same apertures used by these authors. J07 defined apertures by determining contour levels of 1.5-2σ on wavelength weighted, combined IRAC images. As these images were convolved to the MIPS 24µm PSF, we also convolved our UVOT images to the 24µm PSF, which is significantly broader (FWHM ∼ 6 ′′ , e.g. Dole et al. 2006, vs. ∼ 2.5 ′′ for UVOT). Photometry on all UV images, was carried out using surphot, a set of routines written specifically to allow simultaneous, net-counts-in-regions calculations on several images (Reines et al. 2008) . We also reproduced the 24µm results of J07 to ensure use of the same apertures for the UV and IR datasets. We used the same background annuli with inner and outer sizes 2 and 2.5 times the size of the apertures. We note that differences in background values obtained using these annular regions and random, source-free, regions in the same image are insignificant ( 2%).
2.5. GALEX and UVOT fluxes UVOT and GALEX flux densities for our HCG sample are given in Table 4 . These were obtained by multiplying measured count-rates by the instrument-specific flux conversion factors given in Table 5 . These were taken from Poole et al. (2008) for UVOT and the GALEX website for GALEX 8 . The data were corrected for Galactic extinction, using the maps of Schlegel et al. (1998) and the extinction curve of Cardelli et al. (1989) . For those groups with both GALEX and UVOT data, we compare the UVOT uvm2 (λ eff = 2231Å) and GALEX NUV (λ eff = 2271Å) measured fluxes, as these two filters are closest both in effective and central wavelength.
In Fig. 7 we plot the fractional difference in flux between the two filters, ∆f λ (uvm2 − N U V )/f λ (N U V )), against uvm2 flux. On average, the points appear to be distributed around zero, with the exception of two prominent outliers (shown as diamonds in Fig. 7 ). The Notes. Observational data are separated according to group HCG ID (column 1). In all cases there are several observation IDs corresponding to a given HCG ID. Observation IDs (column 2) and corresponding observing dates (column 3) appear on the same row. Exposure times in each filter (columns 4-7) are totals for each HCG.
topmost one (HCG 31 F) lies close to a bright, saturated star. Because of GALEX's lower resolution, part of this emission inevitably leads to an overestimate of the background for HCG 31 F in the GALEX image, and thus an overestimate of the uvm2− NUV flux difference. Otherwise, the differences are likely due to the differences in shape between the two response functions. In spite of the similarity both in effective and central wavelength, the NUV filter is more sensitive to radiation from longer wavelengths. For instance, the outlier at the bottom left of the plot (HCG 42 D) is a faint, early-type system. The redder color of this system likely leads to a higher flux estimate in the NUV filter. In fact, 4 out of 5 galaxies for which ∆f λ (uvm2 − N U V )/f λ (N U V )) < 0 are E/S0s, and 12 out of 14 galaxies for which ∆f λ (uvm2
If we exclude the two most extreme outliers we obtain a mean fractional difference 0.03 ± 0.11. Although no general statements can be made from such a small sample (19 sources), this comparison, taken at face value, supports the publicly available flux conversion factors for Swift and GALEX. Further, this comparison provides some evidence that "coincidence loss" (see Sec. 2.6) is not a major concern for uvm2, even in cases of fairly bright sources. As explained in Sec. 2.6, three sources, indicated by stars in Fig. 7 , namely HCG 2 B, 31 G and 31 ACE, may suffer from this effect, with HCG 31 ACE being the brightest and most likely to be affected. If there were significant coincidence losses for these in the uvm2 filter, NUV flux densities should be systematically higher, which is clearly not the case.
Coincidence loss
UVOT is a photon counting detector. It thus suffers from coincidence loss at high photon rates, when two or more photons arrive at a similar location on the detector within the same CCD read out interval 9 . Since we use UVOT to make quantitative estimates, we investigate coincidence loss in the UVOT filters in greater detail. Poole et al. (2008) have calculated coincidence loss corrections in 5 ′′ radius circular apertures for point sources (see their Figure 6 ) by comparing theoretical and observed count rates. They find that coincidence losses start to become important at ∼ 10 cts s −1 . At this countrate level the true flux is estimated to be 5% higher. Guided by this result, we identified UV surface brightness peaks for all galaxies in our sample and obtained total, non-background subtracted count-rates in all filters within such circular regions centered at the surface 
brightness peaks
10 . The results of this investigation for our sample are shown in Table 6 . This Table aims to provide an estimate of the possible importance of coincidence loss in the ultraviolet UVOT filters for specific galaxies in our sample. We only present count rates for those circular regions that either exceed 10 cts s −1 or have between 5 and 10 cts s −1 , for the three UV filters. Among all 5 ′′ circular source regions, there are 21, 4, 1 and 4 sources with total count rates higher than 10 cts s −1 in the u, uvw1, uvm2 and uvw2 filters, respectively. The u filter has the highest count-rate values (up to ∼ 90 cts s −1 ), and thus clearly suffers from coincidence loss. In contrast, the shortest UV filter, uvw2, which is most relevant to our science results, is only modestly affected, and only for very few sources. For these sources such a result is not surprising, as these are found in some of the most UV-bright galaxies and H i-rich groups, with high levels of star-formation. For instance, the highest count rate level (∼ 23 cts s −1 ) in this filter is found at the center of the A-C merging galaxy complex in the highly disturbed central region of HCG 31. This complex, classified as an H ii region, is the most luminous in our sample. However, this is an exceptional case in this filter. The other three high-count-rate sources in uvw2 are all very close to ∼ 10 cts s −1 , and we consider these borderline-importance cases. Regarding the range 5 < cts s −1 ≤ 10 there are 10, 2, 3 and 2 sources for the u, uvw1, uvm2 and uvw2 filters, respectively. The two sources in uvw2 are both at ∼ 6 cts s −1 . To summarize, coincidence loss probably only moderately affects a few bright sources in our sample. In the uvw2 filter it most likely only affects one source. This may have a minor effect on our quantitative results; our qualitative results remain completely unaffected (see Sec. 3.2.2).
uvw2 red leak
Another concern with the uvw2 filter is the very shallow slope of the filter response function towards longer wavelengths, which in the case of very red sources can potentially lead to significant contamination of the UV flux with emission from longer wavelengths ("red leak", Roming et al. 2009) 11 . In order to investigate the effect of this red tail on different types of galaxies, we folded the full uvw2 effective area (response function, A eff ) curve, as well as modified effective area curves, A eff,r , with galaxy templates for different morphological types. We used the publicly available templates produced with the chemical evolution code GRAZIL (Silva et al. 1998 ). These models (three spirals [Sa, Sb, Sc] , and one elliptical) include the effects of dust and provide good fits to local galaxy spectral energy distributions (SEDs). The uvw2 central wavelength, λ c , defined as the midpoint between the FWHM wavelengths, is at 1928Å (Poole et al. 2008) . To modify the area curve redwards of λ c , we need to impose an artificial cut-off wavelength, λ r , to A eff redwards of the central wavelength, so that A eff,r represents a new effective area curve, corresponding to a modified filter uvw2 ′ . Since the A eff starting wavelength is at about λ c -1×FWHM, by symmetry, one obvious choice is λ r = λ c + 1×FWHM ≃ 2260Å.
In Fig. 8 we illustrate how the integrated flux in a truncated uvw2 ′ filter changes for several λ r values. Specifically, we show the trend of the ratio of the integrated fluxes in uvw2
′ and uvw2 as a function of λ r . With λ r = 2260Å, the artificially "narrowed" filter contains ∼ 0.5 of the flux in the full filter for the elliptical template and ∼ 0.8 for the spiral templates. Conversely, this implies that ∼ 0.5 (0.2) of the flux in the original, full filter is due to emission redwards of 2260Å for the elliptical template (spiral templates). Even if the cutoff is moved 200Å further towards the red, the difference in flux between full and narrowed filter is significant, with filter-flux ratios of ∼ 0.6 and ∼ 0.9 for the two main morphological classifications. These results will likely vary depending on the particular SEDs of real galaxies, reflecting a variety of star-formation history and dust content. However, similar trends can be observed with different templates, e.g. Bruzual & Charlot (2003) , and so in order to minimize contamination of UV flux by non-UV emission from the red tail, we impose a cut-off at 2260Å. This cut-off assumes that, in reality, only a fraction, α, of the calculated flux density in the uvw2 filter comes from the UV wavelength region. For the assumed cut-off, α = 0.5 for E/S0 galaxies and 0.8 otherwise. Although this choice directly affects SFR estimates, the quantitative effect is small; qualitatively our results remain entirely unaffected (see Sec. 3.2.2 for details).
Comparison sample
For the purposes of comparison, we use the Spitzer infrared nearby galaxy survey (SINGS, Kennicutt et al. 2003) to construct a comparison sub-sample. As in G08, we select galaxies which have log L ν,J = 27.70 − 30.17 (erg s −1 Hz −1 ), in order to better match the HCG sample luminosity range. The HCG sample comprises mostly 3-5 bright galaxies per group, and this selection filters mostly low-luminosity SINGS dwarfs. In addition, we use the non-interacting ("normal") SINGS catalog of Smith et al. (2007a, their Table 2 ) to remove galaxies for which there is evidence that they are strongly interacting. According to Smith et al. (2007a) , target galaxies are deemed interacting if "they have companions whose velocities differ from that of the target galaxy by ≤ 1000 km s −1 , that have an optical luminosity brighter than 0.1 of the target galaxy, and are separated from the target galaxy by less than 10 times the optical diameter of the target galaxy or the companion, whichever is larger." These criteria still allow for some of these galaxies to have distant or low-mass companions but, as Smith et al. (2007a) note, they are guaranteed to be less perturbed than the Milky Way. This additional selection is in fact warranted by a clear effect on the final sub-sample: It leads to the elimination of all SINGS galaxies which have some level of peculiarity (their morphological designation includes "p"). We thus obtain a SINGS control subsample of 33 galaxies which in the broadest sense are similar to our HCG galaxies (due to the L ν,J matching) but are otherwise in relatively quiescent environments. Although a few of these galaxies are members of the Virgo galaxy cluster, they still fulfill the non-interaction and isolation criteria, and we do not exclude them from the comparison sample. We use the photometry in Tables 2  and 3 of Dale et al. (2007) to calculate the same param- Notes. Flux densities are calculated from measured count rates by application of the flux conversion factors given in Table 5 . a Flux densities in this column have been obtained after multiplying original flux densities in the uvw2 filter by a factor α to compensate for the filter's red tail (see Sec. 2.7). Accordingly, entries are flagged either "S" (α = 0.8) or "E" (α = 0.5). b Data from J07.
eters as for the HCG galaxies.
3. RESULTS 3.1. UV and IR comparisons In Fig. 9 we plot monochromatic luminosities, L ν , in the uvw2 and 24µm bands for individual galaxies in the 11 HCGs of our sample. In this and following plots, we use different symbols to separate galaxies according to morphological type (either E/S0 or S/I) and parentgroup H i-gas content (rich -type I, intermediate -type II, poor -type III). uvw2 luminosity correlates with 24µm luminosity up to log L ν (24µm) ∼ 30 where a turn-over and/or larger scatter dominate. This is likely the effect of higher dust attenuation at higher luminosities and starformation rates (Hopkins et al. 2001; Buat et al. 2007 ). E/S0 galaxies and gas-poor groups tend to be less luminous than S/I galaxies and gas-rich groups both in the uvw2 and in the 24µm band.
This luminosity segregation appears to be somewhat more prononounced when galaxies are classified by morphological type than it is when galaxies are classified by parent-group gas-richness. We show later that this behavior characterizes other star-formation related properties as well. The broad UV-IR correlation persists over ∼ 3 dex in luminosity for both wavelength bands, indicative, on average, of a consistent contribution from the UV.
In Fig. 10 we plot the distribution of uvw2 luminosity for the full HCG sample, as well as sub-samples based on parent-group H i-richness. Overall, L ν,uvw2 appears to correlate with H i-richness, in the sense that galaxies brightest in L ν,uvw2 tend to belong to more gas-rich groups. This trend of the distributions by group H i-type Fractional difference in flux between the UVOT uvm2 and GALEX NUV filters for HCG galaxies observed with both GALEX and Swift. The two extreme outliers, HCG 31F and HCG 42D, are indicated by diamonds. The three sources which may be subject to some coincidence loss in the uvm2 filter are shown by asterisks and are HCGs 2B, 31G and 31ACE in order of increasing uvm2 flux. The dashed line indicates the mean fractional difference calculated from a subset of the points, excluding the two outliers. The dash-dotted lines indicate the standard deviation on the mean result.
is broadly the same as in the equivalent plot for the 24µm data (J07, Fig. 14) . This is consistent with the general correlation between the uvw2 and 24µm luminosities.
In Fig. 11 we show the ratio of power in the 24µm and uvw2 bands, νL ν,24µm /νL ν,uvw2 , as a function of Hubble type. This ratio only takes into account one UV and one IR band, so it is not an adequate quantitative estimate of the overall relative contributions from the UV and the IR. Additionally, it suffers from small number statistics. However, at least qualitatively, there are some notable patterns. For 33 out of the full sample of 41 HCG galaxies (∼ 80%) νL ν,24µm /νL ν,uvw2 ≤ 1, i.e. the contribution to the total energy budget from power emerging at 2000Å is at least as important as that at 24µm. Only 8 galaxies emit more power in the 24µm band than they do at 2000Å. Among these only one is an elliptical, with the rest being spirals or irregulars. For ellipticals, the generally low values of the νL ν,24µm /νL ν,uvw2 ratios likely reflect the lower levels of star formation and as- 
Notes. Total count rates are grouped for sources with > 10 cts s −1
(top) and those with 5 < cts s −1 ≤ 10 (bottom) in the three ultraviolet Swift UVOT filters. Upper limit entries imply a source has a count rate lower than the lower limit of its tabulated group (less than either 10 or 5 cts s −1 ). a Column gives the HCG galaxy for which the total count rate in a 5 ′′ -radius circular aperture centered on an emission peak is shown in the adjacent columns with no background subtracted. Figure 8 . Illustration of effect of imposing an artificial cut-off to the uvw2 filter. The original full-filter effective area, A eff , is modified by a cut-off at λr, so that the new effective area is A eff,r . The original and modified filters are folded with model templates for different galaxy types (Silva et al. 1998) , shown in the legend, and the corresponding fluxes are calculated. The ratios of these fluxes are plotted as a function of the imposed cut-off wavelength. For all galaxy types, it is clear that there is a significant difference between the flux level in the full filter and that in the narrowed filter, i.e. there is significant contribution from emission captured by the filter's red tail which does not originate in the UV wavelength region. Thus, as explained in the text, for the purpose of calculations in this paper, a fraction of the total filter flux corresponding to the estimated red tail contribution is excluded. The adopted value for the cut-off wavelength is shown by the dashed line. sociated dust production. The trend for spirals seems to be different. With the exception of HCG 22 B (a type Sa at νL ν,24µm /νL ν,uvw2 ∼ 0.1), the 24µm contribution is highest for the earlier types (Sa's), getting progressively lower for later types. As spirals are actively star-forming, high dust levels and associated 24µm emission are expected. However, the UV contribution from the most actively star-forming later types seems to be more than compensating for the presence of dust. Finally, irregulars show a large range in values. This is mainly due to the presence of galaxies HCG 16 C, D, the two type Im systems with the highest values of νL ν,24µm /νL ν,uvw2 . Both galaxies have high SFRs (∼ 14 and 17M ⊙ yr −1 , Table 7 ), and are likely recent merger remnants, with highly disturbed velocity fields and double nuclei (Mendes de Oliveira et al. 1998).
Star formation rates
3.2.1. Method
One of the most important properties characterizing a galaxy is the rate at which it forms stars. Active star formation is traced directly or indirectly by young stellar populations (10 6 − 10 8 yr) whose light is dominated by O and early B stars. UV continuum emission (1250-2500Å), as well as Hα line emission, from massive stars provide a direct probe of these populations. However, a significant part of this light is often heavily absorbed by dust and re-emitted in the IR wavelength region (1-1000µm). UV-based SFR calibrations (e.g. Kennicutt 1998; Salim et al. 2007 ) thus require a correction for Figure 11 . Ratio of 24µm-to-uvw2 power, νL ν,24µm /νL ν,uvw2 , vs. galaxy optical morphology. The horizontal dashed line marks the locus of equal contributions from 24µm and uvw2 power. There is a significant contribution from the uvw2 band.
intrinsic extinction, to avoid significant underestimates of the true SFR. Conversely, IR-based calibrations (e.g. Calzetti et al. 2007; Rieke et al. 2009 ) adopt the "dusty starburst approximation", by assuming that the bulk of the UV emission is re-emitted in the IR (also known as the "calorimeter assumption").
Thus in general the total SFR contains both a dustobscured component, which can be measured from the IR, and an unobscured component, measured directly from the UV (Bell et al. 2003; Hirashita et al. 2003; Iglesias-Páramo et al. 2006; Dale et al. 2007 ). In this paper we obtain the two components independently using calibrations from the literature. In particular, we use
where Notes. Galaxies with αIRAC ≤ 0 and high SSFR are presented separately ("actively star-forming", upper table) from those with αIRAC > 0 and low SSFR ("quiescent", lower table). These two groups of galaxies show a pronounced bimodality in αIRAC and SSFR, as explained in the text. a As in Table 1 . b Same as G08, Table 3 . ABS: absorption-line galaxy; AGN: active galactic nucleus; (d)Sy2: (dwarf) Seyfert 2; X: X-ray source; R: radio source; (d)LINER: (dwarf) low-ionization nuclear emission region; SBNG: starburst nucleated galaxy; H ii: strong H ii emitter; ELG: emission line galaxy; ?: unknown. c Logarithm of monochromatic luminosities for the three ultraviolet Swift UVOT filters and the Spitzer MIPS 24µm filter. d Total stellar mass estimated from 2MASS Ks-band luminosity assuming M * /M⊙ = 0.8 ν Lν,K s /L⊙ (Bell et al. 2003 ). e MIR activity index calculated from power law fit, Lν ∝ ν α IRAC to 4.5-8µm Spitzer IRAC luminosities. f Total SFR estimated using Equation 1. g Fraction of SFRTOTAL due to uvw2 (2000Å) emission. h SSFR calculated by normalizing SFRTOTAL by M * (column 11 divided by column 9). and SFR 24µm (M ⊙ yr −1 ) = 2.14 × 10 −42 νL ν,24µm (erg s −1 ) . (3) Equation 2 estimates SFR UV from the uvw2 luminosity using the calibration by Kennicutt (1998) , valid for a Salpeter IMF and continuous star formation over 10 8 years. uvw2 luminosity probes the spectral region around ∼ 2000Å, which is the approximate center of the spectrally flat UV wavelength range, 1500-2800Å. It thus provides a "mean" estimate of UV emission properties (Hirashita et al. 2003; Kennicutt 1998 42.36 erg s −1 . At lower luminosities, significant numbers of UV photons escape and need to be accounted for. Most of our galaxies fall in this regime, and we account directly for non-negligible UV emission. In essence, we use SFR 24µm to obtain an effective extinction correction for SFR uvw2 . Uncertainties related to the use of these calibrations are addressed in Sec. 4.2.2.
Whereas SFRs provide an absolute measure of cur- Notes. Galaxies are from the SINGS sub-sample obtained by selecting SINGS galaxies that (1) have luminosities which fall within the luminosity range for HCG galaxies, and (2) appear to be non-interacting and isolated (see Sec. 2.8 for details). Morphology information (RC3) is taken from Dale et al. (2007) . The rest of the data are derived as in Table 7 based on Dale et al. (2007) . a Koribalski et al. (2004) . b Virgo cluster galaxies. c Also in αIRAC gap. d Evidence of counter-rotating gaseous disk (Braun et al. 1992 ). rent star-forming activity in a galaxy, specific SFRs (SSFRs) relate this to the products of past star formation (Guzman et al. 1997; Brinchmann & Ellis 2000; Feulner et al. 2005) . SSFR is defined as
where M * is the galaxy total stellar mass. In general, star-forming galaxies are still actively increasing M * and
have not yet reached their maximum values. We expect the situation to be reversed for gas-poor galaxies dominated by old stellar populations. Thus this normalization can help distinguish galaxies according to their star-formation history. We use K s band luminosities as a proxy for M * , and normalize SFRs calculated via Equation 1, assuming Bell et al. 2003) .
Results
Total and specific SFR results for our HCG galaxies are tabulated in Table 7 . For each galaxy we also give galaxy morphology, nuclear classification, parentgroup H i-richness, UVOT ultraviolet and MIPS 24µm luminosities, stellar masses, the ratio of SFR UV to Figure 13 . SSFR distributions for HCG galaxies. Top: Full sample. The dashed vertical line marks the gap between the high SSFR (right) and the low SSFR (left) part of the distribution. All galaxies to the right of this gap have α IRAC ≤ 0 (MIR active). All galaxies to the left of the gap have α IRAC > 0 (MIR quiescent). The bimodality is clear (compare to Fig. 12 ). Bottom three panels: Sub-samples of galaxies belonging to HCGs of decreasing gas richness, as labeled. SSFR values appear to correlate with H i-gas richness.
SFR TOTAL , as well as α IRAC values.
α IRAC is a MIR activity index, introduced by G08. It is evaluated by means of a power-law fit to the 4.5, 5.7, and 8µm data (L ν ∝ ν αIRAC ). The 3.6µm band has been excluded as it is dominated by the Rayleigh-Jeans tail of stellar photospheres. The MIR regime hosts several emission features from polycyclic aromatic hydrocarbon (PAH) molecules, which are vibrationally excited upon absorption of single UV/optical photons (Leger & Puget 1984; Allamandola et al. 1985) . Among the three bands used for the fit, the 4.5µm is the one least affected by PAH emission , while the 8µm is the one most affected. Thus, if there is significant PAH emission, α IRAC will be negative (MIR SED decreasing with ν). Additionally, the MIR includes a thermal continuum component ("hot dust") attributed to very small grains (Li & Draine 2001; . α IRAC will also be negative if this component is strong.
G08 detected a significant gap, with no α IRAC values between −0.95 and 0.12. As the origin of negative α IRAC values is ultimately star-forming and/or AGN activity, they label galaxies with α IRAC ≤ 0 as MIR-active, and those with α IRAC > 0 as MIR-quiescent.
In Fig. 12 we show the SFR distributions for MIR active and MIR quiescent galaxies in the same panel. On average, MIR active galaxies have higher SFRs than MIR quiescent ones, but, taken as a whole, the distribution for the full galaxy sample presents a continuous aspect. However, this picture changes when SSFRs, the distributions for which are shown in Fig. 13 , are considered. Here SSFR distributions for the total sample are shown in the top panel. Distributions for sub-samples, defined according to group gas-richness, are shown in the three lower panels. The SSFR distribution for the full sample shows a clear bimodality. High SSFR galaxies (1.2 × 10 
× 10
−11 ) by a gap of magnitude ∼ 9 × 10 −11 yr −1 . A two-sided KolmogorovSmirnov test gives a probability ∼ 4 × 10 −9 for the low-SSFR and high-SSFR distributions to come from the same parent population. Further, this bimodality coincides completely with the bimodality in the α IRAC index: All low SSFR galaxies have α IRAC > 0 (and vice versa), and similarly for high SSFR galaxies and α IRAC ≤ 0.
On the other hand, the subsample distributions indicate that gas-rich groups preferentially contain high SSFR galaxies, groups of intermediate gas-richness have a broad distribution of SSFRs, covering almost the full range of SSFR values, and gas-poor groups show a pronounced peak in low SSFRs.
We plot α IRAC against SSFR in Fig. 14. In the lefthand panel we use different symbols to denote E/S0 and S/I morphological types. For comparison, galaxies from the SINGS control subsample are also shown. Several patterns are apparent here. First, the bimodality in SSFR is not shared by the SINGS subsample galaxies, similarly to the case of the bimodality in α IRAC , also exclusive to HCG galaxies (G08). A two-sided KolmogorovSmirnov test gives a probability ∼ 1.3 × 10 −3 for the SINGS-subsample and HCG-full-sample SSFR distributions to come from the same parent population. The six SINGS galaxies that populate the SSFR gap are shown in Table 8 . One is a lenticular and the rest are spirals of relatively early type. The mean K-band derived stellar mass for these galaxies is 1.5×10 10 M ⊙ . For higher SSFR SINGS galaxies outside the gap this value is 5.7 × 10 9 . All galaxies are classified as LINER or LLAGN from the MIR analysis of Smith et al. (2007b) . Given the small numbers and the fact that 10/25 (40%) of the SINGS subsample galaxies outside the gap, as well as many HCG galaxies, are also LINER/LLAGN, this is not significant. It is likely that these are largely isolated galaxies, which have accumulated significant stellar mass and are on their way to becoming quiescent ellipticals.
Second, in the HCG sample, with the exception of two galaxies, the α IRAC > 0/low SSFR and α IRAC ≤ 0/high SSFR regions are populated exclusively by E/S0s and S/Is, respectively. In this respect SINGS galaxies do not differ: The lower SSFR systems are E/S0 and the great majority of high SSFR systems are S/I. The three E/S0 systems with high SSFR are NGC 0855, which is possibly an edge-on spiral mis-classified as E/S0 (Phillips et al. 1996) , NGC 3773, a high SFR dwarf irregular in the process of becoming a dwarf elliptical (Dellenbusch et al. 2008) , and NGC 1377, which, in spite of its optical morphology, is a "nascent starburst" (Roussel et al. 2006) .
The right-hand panel in Fig. 14 shows HCG galaxies with symbols indicating parent-group H i-richness. Comparing with the left-hand panel, we note that the general correspondence between, on the one hand, S/I morphology and high gas-richness, and, on the other hand, E/S0 morphology and low gas-richness is evident, as noted already by J07 and G08. However, the morphological segregation is somewhat more pronounced than the segregation according to parent-group H i-gas content, as was the case when comparing L ν,uvw2 to L ν,24µm . Morphologically, there are only two S/I galaxies -an Sa and an Sabat the high-SSFR edge of the low-SSFR group (Fig. 14,  left) . In contrast, in Fig. 14 (right) , there is a gas-poor group galaxy (HCG 48 B) in the high-SSFR locus, while intermediate group-richness galaxies cover a broad range of both the low and high-SSFR regimes.
It is important to stress that the SSFR bimodality and gap are only detected when scaling by total stellar mass. It is also only present when a total (UV+IR) SFR is calculated. The distributions of L ν,Ks , SFR UV , and SFR 24µm , are not bimodal and none of them alone can give rise to the SSFR bimodality. In contrast, the bimodality can be traced to genuine absolute SFR differences, evident in Fig. 12 which are enhanced by the normalization by total stellar mass.
Two final points are in order regarding these results. First, the comparison with the SINGS subsample shows that there is no pronounced difference in the level of activity between HCG and (luminosity-matched, noninteracting) SINGS galaxies. On the whole, HCGs show neither significantly higher nor significantly lower SFRs. Second, we note that the effect of the uvw2 filter cut-off imposed (or, equivalently, the exclusion of a fraction of the measured uvw2 flux) with the aim of correcting for the effects of the filter's red tail (Sec. 2.7) is minimal. If we impose no cut-off whatsoever, and so calculate all results using the full flux in the uvw2 filter, almost all SFR values increase by less than 0.3 M ⊙ yr −1 . The only two exceptions are HCGs 31 ACE and 2 A, which increase by 0.8 and 0.5 M ⊙ yr −1 , respectively. The SSFR gap remains prominent and, although slightly shifted to higher values, its width remains essentially the same at 8.7 × 10 −11 yr −1 (vs. 8.8 × 10 −11 yr −1 ). All qualitative results are completely unaffected. Similar remarks apply to the effects of coincidence losses. The effect is small, and, in any case, all galaxies that may be affected (Table 6 ) belong to the high-SFR group. Hence, if coincidence losses were to be taken into account, we would expect these galaxies to show even higher SFRs and SSFRs.
4. DISCUSSION 4.1. The evolution of Hickson Compact Groups J07 were the first to detect a gap in MIR color space, separating galaxies in gas-rich groups from those in gaspoor groups. G08 found further evidence for a separation between these two classes of HCG galaxies in the form of a gap in α IRAC values. The SSFR estimates in the present paper support and extend these results. Our re- Plotting symbols indicate morphological types, as shown in the legend, for both HCG and SINGS subsample galaxies. In addition, diamonds indicate SINGS galaxies which are members of the Virgo cluster. All SINGS galaxies have been selected to match the luminosity range for HCG galaxies, as well as to be isolated and non-interacting. The large error bar for the point at SSFR ∼ 6 × 10 −10 yr −1 is due to the fact that this (HCG 31 Q) is the faintest galaxy in the Ks band with a 100% fractional error in flux density. The SSFR gap for HCG galaxies almost completely separates quiescent E/S0 galaxies from actively star-forming S/I types, and is populated by some SINGS subsample galaxies. Right: Plotting symbols indicate parent-group H i-gas richness for HCG galaxies as shown in the legend. The SSFR gap for HCG galaxies in general appears to separate H i-rich from H i-poor groups.
sults show that S/I galaxies in our sample populate preferentially groups that are gas-rich (Type I) or of intermediate gas-richness (Type II), have high SSFRs and are MIR-active. E/S0 galaxies are seen to populate mostly groups that are gas-poor (Type III) or Type II, have low SSFRs and are MIR-inactive. Thus, S/I and E/S0 HCG galaxies may constitute two distinct subclasses, consistent with being the two extremes of a possible evolutionary sequence progressing from the S/I -high-SSFR subclass to the E/S0 -low-SSFR one. The overall amount of H i gas in the group appears to correlate with this bimodality. Intermediate H i-richness groups play an important role within the context of such an evolutionary scheme. They contain all morphological types and cover the full range of observed SSFRs (Fig. 13) . This might suggest that they are representative of the environment where the morphological transformation is most actively under way. Evidence for a progression from H irich groups to H i-poor groups is also seen at the group scale. In Fig. 15 we plot the total group SSFR against the corresponding total group log M HI /log M dyn ratio. The broad correlation observed (Spearman ρ = 0.75 for a probability 8 × 10 −3 that the variables are uncorrelated) suggests that SSFR broadly tracks the depletion of the gas supply. Fig. 16 shows that for a given morphology, galaxies in H i-rich groups have higher SSFR than galaxies in H i-intermediate and poor groups. Note though that it is possible for much of the H i gas to be outside the galaxies where most of the star-formation may be taking place. As we lack high-resolution H i data for all of our sample galaxies at the present time, we are unable to investigate this point any further.
This simple picture is useful only as a first approximation, in which H i-richness is a proxy for evolutionary stage. As can be seen in Fig. 14 (right panel) and Table 7, there are 3 galaxies belonging to H i-rich groups at the low end of the SSFR gap. Two of these (61 A and B) are type S0 and S0a, and the third (16b) Sab. For such systems, H i-richness does not tell the whole story.
In reality, an evolutionary scheme should include several criteria. Column 7 in Table 1 is a qualitative estimate of evolutionary stage, using galaxy morphologies and the presence or absence of an X-ray bright IGM. According to this, the parent groups of these galaxies are in late and intermediate stages, consistent with their SSFR.
Thus HCG evolution needs to be examined on a caseby-case basis. In some cases, a group may be H i-poor perhaps mainly because gas has been used up by member galaxies to fuel rapid star-formation. In other cases, gas-stripping under the effect of violent interactions, will end star-formation in the member galaxies, but the group may still be relatively gas-rich. A complete picture requires studying both individual galaxies and all phases of the group IGM. Although in this paper we focus exclusively on the bright HCG galaxies, it has been shown that in a number of cases, star formation takes place outside of galaxies, as a result of tidal stripping of H i gas from individual galaxies (de Mello et al. 2008; Torres-Flores et al. 2009) . Such evidence provides a complementary viewpoint for HCG evolution. Indeed, the evolutionary scheme proposed by Verdes-Montenegro et al. (2001) takes into account H i distribution as well as H i deficiency. Future work (Walker et al., in preparation) will be using high-resolution H i data to explore the links between H i-content, H i-distribution, SSFR and α IRAC .
In any case, the existence of significant gaps in both α IRAC and SSFR suggests that this evolution is rapid. This must be linked to the special environment of HCGs. No such gaps are found in the SINGS comparison subsample. It must be noted that the original, full SINGS sample was designed to include a range in galaxy properties, and so does not favor the detection of a SSFR gap. However, from the full SINGS sample we have selected those galaxies that match the HCG galaxy-luminosity range and appear to be isolated and non-interacting. Otherwise, this SINGS sub-sample shows the same range in properties such as morphologies, stellar masses, and absolute range of SFRs and SSFRs as the HCG sample. Figure 15 . Total group SSFR vs. log M HI /log M dyn for each galaxy group in our sample. Plotting symbols indicate parentgroup H i-gas richness as in Fig. 14. There is a broad trend for H i-richer groups to have higher SSFRs. Figure 16 . SSFR vs. morphological type for individual galaxies in our HCG sample. Plotting symbols indicate parent-group H igas richness as in Fig. 14 . For a given galaxy type, galaxies in groups with higher H i-gas richness tend to have higher SSFRs.
What appears to be different is the distribution of SFRs and SSFRs, which, unlike in HCGs, appears to be continuous. The general level of star-formation also appears to be consistent with that in other environments. In the Verdes-Montenegro et al. (1998) HCG sample, FIR and H 2 emission in HCG galaxies is comparable to that in isolated, Virgo cluster as well as weakly interacting systems. Walker et al. (2009) compare MIR color distributions for the JG sample to a set of diverse environments, including core and infall regions of the Coma cluster, interacting galaxies, as well the combined Local Volume Legacy ) and SINGS samples. They find evidence for another gap in MIR color space in the Coma cluster "infall" region. No gaps are found in any of the other environments. This is further evidence that a highdensity, low velocity-dispersion environment clearly plays a key role in accelerating star-formation processes.
Finally, a note regarding the evolutionary hypothesis. In this paper we present several lines of evidence for an evolutionary sequence from gas-rich groups, mostly containing S/I galaxies, to gas-poor groups, mostly containing E/S0 systems. However, there is no independent evidence excluding the possibility that observed gasrich groups with S/I galaxies are not the direct precursors of observed gas-poor groups with E/S0 systems. In other words, it is still possible that gas-poor and gas-rich groups are two distinct classes of compact groups. The characteristics of intermediate gas-richness groups mitigate this possibility but it cannot be excluded altogether.
Caveats 4.2.1. The origin of UV emission
In interpreting our SFR results, we are making two simplifying assumptions. The first is that UV emission traces exclusively active star formation, i.e. emission from young, massive stars. In reality, low-mass He-burning stars which undergo a post-asymptotic giant branch (AGB) phase also emit in the UV. In starforming galaxies, this emission will make up for a small fraction of the total UV emission, which is dominated by massive OB stars. However, in quiescent galaxies (E/S0) this is not necessarily the case. Such stars are known to be responsible for a "UV excess" (UVX) or "UV-upturn", sometimes observed in such systems (Dorman et al. 1995; O'Connell 1999) . However, it is only shortward of 2000Å that UV elliptical-galaxy SEDs are starting to become affected by the UV upturn. As the uvw2 effective wavelength is at 2030Å, it is possible that the integrated flux from this filter will at least not be dominated by any UV upturn in ellipticals. Further, UV emission from ellipticals can indeed be due to residual star formation. This is well-known for at least a number of nearby systems (O'Connell 1999) . Usually these are galaxies that have undergone recent interactions or mergers. The HCG environment is similarly highly interaction-prone. Verdes-Montenegro et al. (1998) detect CO emission in a number of HCG ellipticals. This signifies the existence of significant reservoirs of cold gas in these systems which they attribute to the recent merger of a gas-rich companion. In the HCG environment, gas transfer, either via mergers between gasrich and gas-poor galaxies or via continuous infall from the intragroup medium, can well be an on-going process that fuels star-formation. Given that the evidence suggests a rapid morphological evolution for HCG galaxies, it would not be surprising that ellipticals show signs of some on-going star-formation. In any case, correcting for the UV emission from old stars will reduce the true SFR and SSFR values at the low end of the observed SSFR gap, so that this will be even larger.
Our second assumption is that we may neglect any AGN contribution to the uvw2 and 24µm emission used to obtain SFR estimates. This is reasonable for our sample which contains no known Seyfert-1 types. Coziol et al. (1998) also find that as much as 50% of AGN detected in their HCG sample are faint low-luminosity AGN (LLAGN), either Seyfert-2 or low-ionization nuclear emission regions (LINERs), hidden by a strong stellar continuum. In our sample the majority of known active galactic nuclei are classified as Seyfert-2 or LINER (Table 7 , column 3). There are a few such cases among both actively star-forming and quiescent HCG galaxies (top and bottom part of Table 7 , respectively). In the case of star-forming galaxies these are not likely to dominate emission at UV or IR wavelengths. In the case of quiescent galaxies, an AGN contribution would lead to an overestimate of emission due to low-level star-formation. All of our quiescent galaxies have α IRAC > 0, suggesting reduced contributions from PAH emission and hot dust in the MIR band. MIR quiescence has been associated with the presence of LLAGN (Roche et al. 1991; Smith et al. 2007b ). However, as in the case of contribution to the UV emission from old stars, correcting for this effect would lead to reduced SFR and SSFR values, making the observed SSFR gap larger.
SFR estimates
The errors for SFR and SSFR values presented in Table 7 reflect uncertainties in the uvw2 and 24µm photometry and flux conversion factors. In addition, the uvw2 to SFR UV calibration (Equation 2) includes an uncertainty of at least 0.3 dex in the calculated SFR UV , depending on which stellar population synthesis models are used for deriving it (Kennicutt 1998) .
The 24µm to SFR IR calibration is most appropriate for 24µm bright galaxies. According to the estimates of R09, for galaxies with ν L ν,24µm > 10 42.36 erg s −1 , this calibration includes a small correction (2.5%) for UV photons not re-emitted in the IR, which are thus detectable in the UV. Some of our brightest galaxies fall in this luminosity regime, so there is a possibility that SFR TOTAL may be overestimated for these systems. However, the actual level of UV leakage for specific galaxies is difficult to assess, as it depends as much on luminosity as it does on geometry. This correction is also within the 10% uncertainty margin introduced by the conversion of 24µm luminosity to total IR luminosity (Equations 4 and 5, R09). We thus attempt no further corrections for this effect.
Further, the R09 calibration uses an IMF which leads to SFR 24µm values ∼ 0.66 times those obtained with a standard Salpeter IMF, assumed by Kennicutt's SFR UV formula. The choice of the most appropriate IMF is not a settled issue, and, given the wide use of the Salpeter IMF, we choose to use the R09 24µm calibration together with the Kennicutt (1998) 2000Å calibration, with no further modifications, in spite of the IMF discrepancy. We have tested that, if the R09 calibration is adjusted so that this disagreement disappears, on average SFR TOTAL values increase by ∼ 0.7 M ⊙ yr −1 , and SSFR values by 17 × 10 −11 yr −1 . The SSFR gap undergoes a slight increase in width to 9.4 × 10 −11 yr −1 .
4.2.3. HCG triplets As already mentioned, there are claims that HCGs with only three accordant members may need to be treated separately. We have checked that this issue is irrelevant for the present paper. There are 4 triplets in our sample, containing 12 out of the total 41 galaxies. However, these appear to be randomly distributed in α IRAC , SFR and SSFR space, so that excluding them leaves the main results of this paper completely unaffected. In particular, there is no change in the magnitude both of the α IRAC and of the SSFR gap.
H i richness
There is no particular physical reason for the log M HI /log M dyn boundaries selected to classify HCGs into H i-richness types (Sec. 2.1). These boundaries were chosen arbitrarily by J07, to obtain roughly equal numbers of galaxies in each richness category. A different choice would lead to somewhat different versions for all of our figures which show galaxies according to parent-group H i-richness, but the overall picture does not change. Additionally, our definition of group H i-richness does not explicitly take into account member galaxy morphology. This is particularly problematic for groups which have no S/I galaxies, but there are only 2 such groups in our sample. However, in spite of this arbitrariness, it is clear from Figures 15 and 16 that H i-richness, as defined here, does track star-formation activity and gas depletion.
SUMMARY AND FUTURE PROSPECTS
We have presented the UV data for 41 galaxies from the JG HCG bright-galaxy sample. We combined Swift UVOT uvw2 (2000Å) photometry and Spitzer MIPS 24µm photometry to obtain SFR and SSFR estimates.
These are the main results of this paper:
1. L ν,uvw2 and L ν,24µm are significantly correlated up to L ν,24µm ∼ 10 30 erg s −1 Hz −1 , where dust extinction of UV emission becomes important.
2. When SFRs are normalized by stellar mass to calculate SSFRs, the HCG galaxies have a clear bimodal distribution that indicates galaxies are either actively star-forming (SSFR 1.2 × 10 −10 yr −1 ) or almost entirely quiescent ( 3.2 × 10 −11 yr −1 ). From previous work, the index α IRAC , a measure of the strength of dust emission from 4.5-8µm, is also known to be strongly bimodal. SSFR correlates significantly with α IRAC for the HCG galaxies, i.e., the galaxies with the reddest MIR SEDs have the highest SSFR.
3. The bimodality in SSFR is mirrored closely by galaxy morphology. All elliptical/S0 galaxies have low SSFR values, and 22 out of 24 spiral/irregular galaxies have high SSFR values.
4. The bimodality in SSFR is also mirrored by the H i-gas richness of a galaxy's parent-group. 12 out of 15 galaxies belonging to groups with high levels of H i-gas have high SSFR values, and 11 out of 12 galaxies belonging to groups with little H igas have low SSFR values. Galaxies in HCGs with intermediate amounts of H i-gas span almost the entire range of calculated SSFR values.
5. When compared to a sub-sample of SINGS galaxies selected to be non-interacting, isolated and to match HCG galaxies in near-IR luminosity, HCG galaxies have the same range of SFRs and SSFRs. However, the SINGS sub-sample galaxies do not demonstrate the same bimodality in either α IRAC or SSFR. This difference is interpreted as a consequence of the compact group environment accelerating galaxy evolution by enhancing star-formation and leading to rapid gas depletion, followed by a quick transition to quiescence.
In the near future, better understanding of the HCG environment will come by combining information from several wavelength regions.
A major step is to obtain broad-band galaxy SEDs ranging from the UV to the IR. We have completed a ground-based imaging campaign with the aim of carrying out multi-filter (B, V , R, I) photometry for the JG sample. We have also complete NIR wide-field imaging with WIRCam at the Canada-France-Hawaii telescope.
The Swift, Spitzer, WIRCam and ground-based photometry provides coverage from ∼ 2000Å to 24µm. SED fitting will provide independent and more complete estimates of SFRs, SSFRs and dust attenuation. UVoptical photometry can also better probe the UV upturn in early-type galaxies (e.g. Schawinski et al. 2007) .
From what we know at present, AGNs are not prevalent in this sample. Seven of the HCGs in our sample have been observed with Chandra (P.I. Gallagher as well as archival observations), and these data will allow us to better explore this issue. At the same time we will investigate the H i-X-ray anticorrelation via the detection (or otherwise) of diffuse X-ray emission. Further, SFRs and X-ray luminosities will also be used to investigate the Xray-SFR correlation, which has been established in the field, but has not yet been investigated in the HCG environment.
An increase in galaxy sample size is desirable for improving statistics. We are engaged in a comprehensive optical spectroscopic campaign with the aim of detecting new, lower luminosity members of HCGs. It will be instructive to re-examine the SFR and SSFR results when more HCG member galaxies can be included.
